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Japanese Patent Application Laid-Open No. 2000-42096 

(54) [Title of Invention] HYDROXYAPATITE SPHERICAL PARTICLE, METHOD 
OF PREPARING THE SAME, AND BIOMATERIAL USING THE SAME 

(57) [Abstract] 

[Problem] To provide a hydroxyapatite spherical particle which can be preferably 

used for a fllling material within tooth root canal, a filling material of tooth extraction 
cavity, a material for reconstructing alveolar ridge and the like of human being and 
animals, and to provide a biomaterial using the same. 

[Means for Solving Problem] A hydroxyapatite spherical particle whose bone 

formation capability is excellent and which is characterized in that the average particle 
diameter is in the range from 0.5 to 200 pm, and the pH value at the time when 1 g of the 
spherical particle is agitated in 25 g of water is in the range from 8 to 12, is prepared by a 
method characterized in that when amorphous calcium phosphate is synthesized by 
adding phosphoric acid aqueous solution in a suspension containing 1-20% by weight of 
calcium hydroxide and adjusting pH in the range from pH9 to pH12, an amorphous 
calcium phosphate slurry is synthesized while controlling the temperature of the 
suspension not to exceed 50^C, subsequently, the obtained amorphous calcium phosphate 
slurry is granulized and dried, and the spherical particle is burned at a temperature in the 
range from 800 to ISOO'^C after an amorphous calcium phosphate spherical particle 
having the average particle diameter in the range from 0.5 to 200 gas been obtained. 
The hydroxyapatite spherical particle is used as a biomaterial. 

[Scope of Claims] 

[Claim 1] A hydroxyapatite spherical particle whose bone formation capability is 



1 



excellent and characterized in that the average particle diameter is in the range from 0.5 
to 200 pm, the pH value at the time when 1 g of the spherical particle was agitated in 25 g 
of water is in the range from 8 to 12. 

[Claim 2] A hydroxyapatite spherical particle according to claim 1 characterized 

in that Ca/P molar ratio is in the range from 1.60 to 2.00. 

[Claim 3] A method of preparing a hydroxyapatite spherical particle characterized 

in that at the time when amorphous calcium phosphate is synthesized by adding 
phosphoric acid aqueous solution in a suspension containing 1-20% by weight of calcium 
hydroxide and adjusting pH in the range from pH9 to pH12, an amorphous calcium 
phosphate slurry is synthesized while controlling the temperature of the suspension not to 
exceed SO^'C, and subsequently, the obtained amorphous calcium phosphate slurry is 
granulized and dried, the spherical particle is burned at a temperature in the range from 
800 to 1300^C after an amorphous calcium phosphate spherical particle having the 
average particle diameter in the range from 0.5 to 200 ^m has been obtained. 
[Claim 4] The method according to claim 3 wherein at the time when the 

amorphous calcium phosphate slurry is synthesized, pH is adjusted in the range from pH9 
to pH12 by dropping phosphoric acid aqueous solution while agitating the mixture 
solution after the mixture solution has been made by adding a neutral or weak alkaline 
aqueous macromolecular dispersing agent to calcium hydroxide suspension, 
[Claim 5] A biomaterial characterized in that it contains a hydroxyapatite 

spherical particle according to claim 1 or 2. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] The present invention relates to a 
hydroxyapatite spherical particle which can be used for filling tooth root canal of human 
and animals, for filling a tooth extraction cavity, for reconstruction of alveolar ridge or the 
like, a method of manufacturing thereof and, a biomaterial utilizing it. 
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[0002] 

pPrior Art] In recent years, the reports relating to a biomaterial, particularly, a bone 

substituting material have been admitted. In the surgical or orthopedically surgical area, 
a bone defect or space is generated by the surgery for bone fracture and bone tumor. 
Moreover, also in the field of dentistry, the consumption of jaw due to alveolar pyorrhoea 
occurs. At present, for the purpose of dealing with these problems, a method in which a 
bone fragment is collected from iliac bone or the like of the patient, it is filled in the bone 
defect portion and the recovery and remedy of the relevant tissue is accelerated is taken. 
However, since in this operation, bone transplant fragment is collected from the normal 
site of the patent, it is pointed out that the physical and metal stress of the patent is 
increased. Moreover, in the case where the affected part is wide in its area, it may be also 
met with the cases in which the collection of the transplant bone fragment is difficult in 
terms of volume. Therefore, the utilization of bone substituting material has been 
required; however, the rejection reaction and elimination reaction are seen in the 
transplant site, and it cannot be necessarily said that the prognosis is excellent. 
Therefore, the clinical application of the bone substituting materials actually has not yet 
found its way out of the experimental stage. 

[0003] Since there has been the background as described above, it has been expected 
that an artificial bone substituting material indicating an excellent biocompatibility is 
developed for promoting the formational/functional recovery at the bone defect where the 
restoration is desired. Then, in Japanese Patent Application Laid-Open No. 56-54841, a 
filling material for bone defect part and cavity part and a method of treating a bone of 
animals using the relevant filling material have been described. Here, although a filling 
material for integrating it with a bone tissue that makes the filling material in a fluid state 
or in an undercrowding state by containing a powdered body of a calcium phosphate 
compound having an apatite type crystal structure whose crystal particle diameter is in 
the range from 50 A to 10 ^m and having Cam(P04)nOH (1.33 ^ m/n ^ 1.95) has been 
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disclosed, there has been a disadvantage that the formation of the relevant bone is delayed. 
[0004] 

[Problem to be solved by the Invention] An object of the present invention is to 
provide a hydroxyapatite spherical particle which can be preferably used as a fllling 
material within tooth root canal, a filling material of tooth extraction cavity, a material for 
reconstructing alveolar ridge and the like of human being and anunals* 
[0005] 

[Means for Solving Problem] The present inventors have studied and considered a 

variety of hydroxyapatite particles which are useful as a filling material within tooth root 
canal, a filling material for tooth extraction cavity, a material for reconstructing alveolar 
ridge and the like in order to solve the problems. As a result, the present inventors have 
found that a hydroxyapatite particle characterized in that at the time when amorphous 
calcium phosphate is synthesized by adding phosphoric acid aqueous solution in a 
suspension containing 1-20% by weight of calcium hydroxide and adjusting pH in the 
range from pH9 to pH12, an amorphous calcium phosphate slurry obtained by controlling 
the temperature of the suspension at the time of synthesizing not tot exceed 50^C is 
granulized and dried, the spherical particle is burned at a temperature in the range from 
800 to 1300®C after an amorphous calcium phosphate spherical particle having the 
average particle diameter in the range from 0.5 to 200 ^m has been obtained, and 
characterized in that the pH value at the time when 1 g of the spherical particle has been 
agitated in 25 g of water is in the range from 8 to 12 has a peculiar action effect which is 
safe for a living organism and whose bone formation capability is extremely rapid, and the 
present inventors have completed the present invention. Specifically, the present 
invention includes the following inventions. 

(1) A hydroxyapatite spherical particle whose bone formation capability is excellent and 
characterized in that the average particle diameter is in the range from 0.5 to 200 ^m, the 
pH value at the time when 1 g of the spherical particle is agitated in 25 g of water is in the 
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range from 8 to 12. 

(2) A hydroxyapatite spherical particle described in the article (1) characterized in that 
Ca/P molar ratio is in the range from 1.60 to 2.00. 

(3) A method of preparing a hydroxyapatite spherical particle characterized in that when 
amorphous calcium phosphate is synthesized by adding phosphoric acid aqueous solution 
in a suspension containing 1-20% by weight of calcium hydroxide and adjusting pH in the 
range from pH9 to pH12, an amorphous calcium phosphate slurry is synthesized while 
controlling the temperature of the suspension not to exceed SC'C, and subsequently, the 
obtained amorphous calcium phosphate slurry is granulized and dried, the spherical 
particle is burned at a temperature in the range from 800 to 1300°C after an amorphous 
calcium phosphate spherical particle having the average particle diameter in the range 
from 0.5 to 200 has been obtained. 

^ (4) The method described in the article (3) in which at the time when the amorphous 
^calcium phosphate slurry is synthesized, pH is adjusted in the range from pH9 to pH12 by 
dropping phosphoric acid aqueous solution while agitating the mixture solution after the 
mixture solution has been made by adding a neutral or weak alkaline aqueous 
.macromolecular dispersing agent to calcium hydroxide suspension, 
(5) A biomaterial characterized in that it contains a hydroxyapatite spherical particle 
according to the article (1) or (2). 
[0006] 

[Mode for Carrying Out the Invention] Hydroxyapatite (hereinafter, it may be 
abbreviated as HAp) is a compound representing calcium phosphate based compound 
which is represented by the formula of Caio(P04)6(OH)2, Ca contained in the crystal 
structure may be substituted by titanium, zinc, cerium, barium, strontium, magnesium, 
sodium, potassium, iron or aluminum, PO4 may be substituted, for example, by VO4, Si04, 
or CO3, and OH may be substituted by F, CI, Br, I, N, O, or CO3. Moreover, one type or 
two types or more of metal oxide such as titanium oxide, alumina, zirconia and the like 
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may be complexed, and the kinds of metal oxide are not particularly limited. 
Furthermore, a matter or compound such as a natural matter, ceramics, an inorganic, an 
organic, carbon and the like which has biocompatibility may be complexed. 
[0007] As described above, a HAp spherical particle of the present invention is 
characterized in that its average particle diameter is in the range from 0.5 to 200 ^m, and 
the pH value at the time when 1 g of the spherical particle is agitated in 25 g of water is in 
the range form 8 to 12, it is found that when the animal test is performed by utilizing such 
a hydroxyapatite spherical particle, although the reason is uncertain, the bone formation 
is extremely rapid, and in comparison, when a HAp particle having the pH value less than 
8 is used, the bone formation is delayed. 

[0008] A HAp particle of the present invention is obtained by granuUzing and drying an 
amorphous calcium phosphate slurry synthesized by adjusting the pH in the range from 
pH9 to pH12 by adding phosphoric acid aqueous solution to a suspension containing 
1-20% by weight of calcium hydroxide, and then, by burning the spherical particle at a 
temperature in the range from 800 to 1300®C after obtaining an amorphous calcium 
phosphate spherical particle whose average particle diameter is in the range from 0.5 to 
200 (im,. 

[0009] A HAP spherical particle having the average particle diameter in the range from 
0.5 to 200 ^m is easily obtained by employing a method of granulizing and drying. In 
this method, a HAp spherical particle having the average particle diameter of 200 ^m or 
more is not easily obtained, and the collected ratio of the spherical particle having the 
average particle diameter of 0.5 ^m or less is also extremely low. In the preparation 
method, in the case where the pH value at the time when an amorphous calcium phosphate 
is synthesized is 9 or less, as for the obtained HAp spherical particle, the pH value at the 
time when 1 g of it was agitated in 25 g of water is 8 or less, a matter having the nature 
that the present invention aimed at is not obtained. Moreover, the temperature at the 
time of synthesizing it is adjusted to exceed 50°C; however, in the case where the 
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temperature exceeds the temperature, dibasic calcium phosphate may be generated; 
therefore, since this is a particle in a plate shape having the size of several dozens of pm, it 
becomes hardly a uniform spherical particle. In order to keep the temperature SO^C or 
lower, a suspension containing calcium hydroxide and the like may be first preliminarUy 
cooled to a temperature of 20^C or less, and then, subjected to the synthesizing process, or 
it may be controlled by utilizing a reactor which is equipped with a cooling facility. 
[0010] It is desirable that in the preparation process, the average particle diameter of the 
primary particle of the an amorphous calcium phosphate (hereinafter, it may be referred 
to as ACP particle) contained in a slurry is less than 0.1 ^m so that a HAp spherical 
particle of the present invention acquires a large speciflc surface area. It should be noted 
that the particle diameters of spherical particles in the present speciflcation are measured 
by a laser diffraction method. 

[0011] Moreover, at the time when an amorphous calcium phosphate slurry is 
synthesized, while agitating it in a suspension containing calcium hydroxide, after the 
mixture solution is made by adding a neutral or weak alkaline aqueous macromolecular 
dispersing agent to the suspension containing calcium hydroxide, the pH value may be 
adjusted by dropping the phosphoric acid aqueous solution while agitating the mixture 
solution. Also in this case, it is necessary to control the temperature of the suspension not 
to exceed SO'^C. 

[0012] The aqueous macromolecular dispersion agent is added for the purpose of 
avoiding the aggregation of the primary ACP particle whose particle diameter is less than 
about 0.1 ^m contained in a slurry, and the dispersing agent which achieves the object 
without inhibiting the synthesis of hydroxyapatite can be optically selected. As its 
preferable concrete example, weak alkaline ammonium triacrylate, polyacrylate, 
nitrofumicate, ligninsulfonate, styrene-maleic anhydride copol3iner or the like is listed. 
As for an amount of addition of an aqueous macromolecular dispersing £^ent, it is in the 
range from 0.1 to 10% by weight and it is preferable that it is in the range from 0.1 to 3% 
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by weight. 

[0013] A HAp spherical particle of the present invention has an extremely rapid bone 
formation action as being utilized as a filling material within a tooth root canal, a filling 
material for tooth extraction cavity, a material for reconstructing alveolar ridge and the 
like of human being or animal. Therefore, it can be advantageously used as a biomaterial, 
particularly as a bone substituting material. 
[0014] 

[Examples] Hereinafter, the present invention will be further explained in detail by 
describing Examples, Comparative Examples and the Test Examples. However, the 
present invention is not limited by the following Examples. 
Example 1 

A HAp spherical particle of the present invention was manufactured as follows: after 10 L 
of 10% calcium hydroxide suspension was cooled to about lO^C while agitating it, 50 g 
(0.5% by weight) of weak alkaline ammonium triacrylate as an aqueous dispersing agent 
was added, and the mixture solution was obtained. WhUe the mixture solution was 
agitated, phosphoric acid aqueous solution in which 85 % phosphoric acid aqueous 
solution had been diluted with water into 10-fold was dropped, and then, an ACP slurry 
was synthesized by adjusting pH into 10.5. In the synthesis reaction, the highest 
temperature of the suspension was 37°C, and it did not exceed 50^C. In this way, a slurry 
containing the primary ACP particle having the particle diameter less than about 0.1 |jm 
was obtained. 

[0015] A HAp spherical particle was manufactured using the slurry by a spray drying 
granulation method. A diagram of a spray drying granulation apparatus used at this 
time is shown in Fig. 1. In this Fig.l, the reference numeral 9 denotes an air filter, the 
reference numeral 10 denotes an electric heater. It was made such that the heated air 
traveling through the air filter 9, and being heated by the electric heater 10 enters into a 
spray dryer 5 from a heating gas chamber 11, while a slurry 3 sprayed by an atomizer 6 of 
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the spray drier 5 is dried and granuiized by the heated air, and the relevant heated air is 
flown out toward a cyclone 8 from the discharge orifice 12. 

[0016] The slurry 3 containing the obtained primary ACP particle 1 was supplied to the 
atomizer 6 of the spray drier 5 (ODB - 25G manufactured by Ohkawara Kakohki, Co., 
Ltd.) by a metering pump 4. The mixed matter, the slurry 3 was sprayed into the heated 
air flow for drying within the spray drier 5 by high-speed revolution of the atomizer 6, and 
the granulation was carried out by a spray drying granulation method. An ACP porous 
spherical particle 7 was obtained by this granulation. 

[0017] The obtained ACP porous particle 7 was collected by the cyclone 8. At this time, 
a super-fine powder body which was not collected by the cyclone 8 was separately 
collected by a bug filter (not shown). It should be noted that the operating conditions in 
the granulation were as follows. The supplied amount of the mixed matter by the 
metering pump 4 was in the range from 1 to 3 kg/h, as for the temperature of the heated 
air heated by the electric heater 10 via the air filter 9, the temperature was controlled such 
that the temperature of the inlet of the heating gas chamber 11 was in the range from 150 
to 350° C and the temperature of the outlet of the discharge orifice 12 communicating to 
the cyclone 8 always exceeded 80°C, and it was set so that the number of revolutions of the 
atomizer 6 was in the range from 10000 to 30000 rpm. 

[0018] The ACP porous particle 7 thus obtained was a porous spherical shape by 
utilizing a spray drying granulation method, and the average particle diameter was 35 |im. 
The ACP particle was put in an alumina skull crucible furnace, burned at 1200°C for one 
hour, and a HAp spherical particle was obtained. 1 g of this HAp spherical particle was 
taken and put in 25 g of ion-exchanged water, filtered after it was Stated for 10 minutes 
by a stirrer, and when pH of the filtered liquid was measured, the pH value of it was 9.6. 
[0019] Comparative Example 1 

After 10% calcium hydroxide suspension was cooled to about lO^C while agitating it, 
0.5% by weight of weak alkaline ammonium triacrylate as an aqueous dispersing agent 
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was added, and the mixture solution was obtained. While the mixture solution was 
agitated, phosphoric acid aqueous solution in which 85 % phosphoric acid aqueous 
solution had been diluted with water into 10*fold was dropped, and then, an ACP slurry 
was synthesized by adjusting pH into 10.5. In the synthesis reaction, the highest 
temperature of the suspension was 37**C, and it did not exceed 50^C. In this way, a slurry 
containing the primary ACP particle having the particle diameter less than about 0.1 ^m 
was obtained. 1 g of the HAp particle obtained by performing the drying granulation 
and burning under the conditions similar to those of Example 1 was taken, put in 25 g of 
ion-exchanged water, filtered after it was agitated by a stirrer, and when pH of the filtered 
liquid was measured, the pH value of it was 7.5. 
[0020] Test Example 1 
(Animal Test) 
Material 

The HAp spherical particle prepared in Example 1 and the HAp particle prepared in 
Comparative Example 1 were used. Moreover, Sprague-Dawley rat (7 weeks age, male) 
was used as an experimental animal. 
[0021] Experimental Method 

Using a round bur for dentistry, on the skull of a rat to which the general anesthesia was 
carried out, the fracture part having the diameter of about 2.5 mm was prepared. The 
macroscopically sufTlcient amount of the HAp was filled in this fracture part, respectively. 
After filling it, the skull was collected after two and four weeks, it was fixed by 10% 
neutral formalin solution. At the time of histopathological observation, after the 
decalcification of the skull was performed by 10% EDTA solution, HAp refilled part was 
cut out, alcohol dehydration and xylene penetration were performed, and were embedded 
in paraffin. Subsequently, the tissue sample of about 4 ^m was prepared and 
hematoxylin/eosin staining was performed to it and the observation by a light microscopy 
and the shooting were performed. 
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[0022] Results 

A microscopic photograpli taken after two weeks, in which a HAp spherical particle of 
Example 1 was refilled, is shown in Fig. 2, and a microscopic photograph taken after two 
weeks, in which a HAp of Comparative Example 1 was filled is shown in Fig. 3. In these 
microscopic photographs, the reference character B denotes a skull (existing bone), and 
the arrow indicates the fractured end of the fractured part. In both of HAp particle 
refilling examples, the bone conduction findings were observed; however, in the case of the 
HAp refilling agent of Example 1, a newly formed bone tissue was observed within the 
fractured part. From this fact, it is indicated that the HAp particle of Example 1 
provides more appropriate environment comparing to the HAp particle of Comparative 
Example 1. 

[0023] A microscopic photograph taken after four weeks, in which a HAp spherical 
particle of Example 1 was refilled, is shown in Fig. 4, and a microscopic photograph taken 
after four weeks, in which a HAp of Comparative Example 1 was filled is shown in Fig. 5. 
In these microscopic photographs, the reference character B denotes a skull (existing 
bone), the reference character b denotes a newly formed bone, the reference character c 
denotes a connective tissue, the reference character H denotes a HAp particle, and the 
arrow indicates the fractured end of the fractured part. As shown in Fig. 4, a large 
number of HAp particle have been charged within the newly formed bone in the HAp 
particle refiUed example of Example 1. In contrast to this, in the HAp particle refilled 
example of Comparative Example 1, the new formation degree of the bone is bad, and the 
HAp particle remained surrounded by the connective tissue. Moreover, in the 
microscopic photograph of the HAp particle refilled example of Example 1 (Fig. 4), a large 
number of scars in a seamed shape are admitted. These were made at the time when the 
histopathological sample was prepared since the newly formed bone tissue was too hard 
although the decalcification treatment was performed, and it indicates that the newly 
formed bone is extremely strong. 
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[0024] 

[Effect of the Invention] A hydroxyapatite of the present invention is excellent in bone 
formation capability, and it can be preferably used for a bone refllling material, a filling 
material for refilling within a tooth root canal, a filling material for tooth extraction cavity 
and a material for reconstructing alveolar ridge. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a drawing showing a granulation drying apparatus used for the 
preparation of an amorphous calcium phosphate particle of the present invention. 
[Fig. 2] Fig. 2 is a photograph showing a microscopic image taken two weeks after the 
HAp spherical particle obtained in Example 1 was refilled in the fractured part of the 
skull of a rat. 

[Fig. 3] Fig. 3 is a photograph showing a microscopic image taken two weeks after the 
HAp particle obtained in Comparative Example 1 was refilled in the fractured part of the 
skull of a rat. 

[fig. 4] Fig. 4 is a photograph showing a microscopic image taken four weeks after the 
HAp spherical particle obtained in Example 1 was refilled in the fractured part of the 
skull of a rat. 

[Fig. 5] Fig. 5 is a photograph showing a microscopic image taken two weeks after the 
HAp particle obtained in Comparative Elxample 1 was refilled in the fractured part of the 
skull of a rat. 

[Description of the reference numerals and characters] 
1: primary ACP particle 
3: slurry containing a primary ACP particle 
4: metering pump 
5: spray drier 
6: atomizer 

7: ACP porous particle 
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8: cyclone 

9: air filter 

10: electric heater 

11: heating gas chamber 

12: discharge orifice 

B: skull (originally existing bone) 

b: newly formed bone (newly formed bone) 

c: connective tissue 

H: apatite particle 
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Picture as substitute for diagram 
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